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Abstract 


One of the fundamental difficulties in learning Rpdy is to deal with the complexity of the 
language structure. For example, the need to memorize the very many forms of Udrd ‘s and 
fets*d's baffles learners. Learners must convert their brains into big databases (with a 
reasonably quick data-retrieval capability) of these forms to become proficient in 
understanding prose or poetry. The traditional methods depend on the memorization of most 
of the common forms. This herculean task quickly demotivates learners from learning as they 
do not have an iota of awareness as to why they should memorize. In this article, we propose a 
method that starts with providing a big picture of the structure of the language. It suggests 
systematic structural thinking and lets the learner understand the design of the language in 
simple terms. We accomplish it in four steps. Firstly, we provide a model structure that acts as 


the underpinning to all the Utd constructs. We call this model structure the “factory”. This 


structure encapsulates all the mechanisms of word-building (Ga fares) in UPd. Secondly, 


we provide the list of factories required for the word-building in Ud and the descriptions 


of the components associated with each factory. Thirdly, we give the interconnections of all the 


factories and the mechanisms associated. And, finally, we provide a big picture of the total 
structure of the language. We would like to reassure readers that this method will not reduce 


any rules or basic principles of word-building. The recommendation here is that if a UtPdd - 
learner starts understanding this method and gets a picture of the language structure before 
diving into learning, he/she will appreciate the logic in BWeqdart and Udaent, and ard, 
cea constructs, etc. Moreover, the realization that all these constructs follow the same 
underlying model called ‘factory’, puts him/her at ease and eliminates unnecessary anxiety, and 
provides some alternative ways of learning. This method, well-known to scientists and 
engineers, is applied to the linguistic domain in this article. The author is confident that this 


method can be applied to any language. However, it makes more sense to apply to UtpdH, a 


language that appears to be overly complex to a new learner. 


Introduction 


The words (UGH’s) of a sentence in Utd can be broadly divided into three sets: Ud-'s, 
fess, and SoqyH’s. A majority of these are not available in a dictionary in the same form as 
they appear in a sentence. But for some basic AOUYH’s, all W@H’s used in sentences are derived 
from Ie ’s and Uld’s. These derived forms are called grammatical inflections (or inflections). 
Any dictionary of UkPd¥ provides basic Req ‘s, basic Ud ‘s, basic HOFAH’s. As a result, one 


must know the mechanisms or methods to build inflections. Learners very frequently (99% of 


the time) encounter inflections while reading a sentence. Moreover, there exists a big treasure 


of methodologies that allow learners to build new vocabulary (‘new XIsq ’s, new YId’s and new 


HoyyH ’s) from the basic Rea ’s and Uld’s. These possibilities of building inflections and new 
vocabulary stretch the imagination of learners and make them feel lost quickly. Conversely, if a 


learner encounters an inflection or a derived HOY (a non-basic ACUYH), he/she needs to 


figure out how it was constructed to get its intended meaning. Every attempt to learn UPd 


N 


will have a store of surprises for the learner. 


Learners may wonder if there are rhymes and rules in this practice? Let us formulate the 


problem at hand as two questions. 


1. What are the mechanisms through which the inflections and new vocabulary can be 
built? ( Let us call it ‘the rhyme’ or “WHAT”-part) 
2. How do we build them? In other words, what are the rules, methodologies to build 


these words? (Let us call it ‘the rules’ or “HOW”-part). 


To state simply, the first question is asking about the big picture in building the inflections and 
new vocabulary and, the second question is asking about the detailed ways in which they are 


built. 


In this paper, we attempt to give the big picture that assures the learners that pdy has a 
neat mechanism with which people logically derive the inflections and new vocabulary. It is a 


simple and elegant mechanism that brings a rhyme into the structure of Upay. This rhyme is 


pivotal to the existence of Upd. When teaching UPd, every teacher repeats this rhyme 
multiple times. We believe that highlighting this rhyme upfront and giving a big picture to the 


learners benefits the learner greatly. We caution the readers that there are some grammatical 


constructs in GPA that will go beyond this model. 


In the age of computerization of languages, we believe that this model approach is useful in the 


efforts to algorithmize the language construction mechanisms. 


Preliminaries 


In this section, we introduce some definitions and state some well-known facts about pds 
vocabulary which will be useful in understanding the factory method that we are going to 


introduce. 


In UPd, there are some non-words called WY ‘s(suffixes) and SOT ’s (prefixes). 
Suffixes are added to XI6q ‘s and Uld ‘s to derive inflections of the Xleq ‘s and Uld‘s. 


Inflections are of three types. 1) The inflected forms that are 31CUY ‘s. 2) The inflected forms 
that create the seven fduidd ‘s (cases) of a XIsa, called Ud-cl ‘s. 3) The inflected forms that 


create various verbal forms called f}Sd ‘s. Inflections are Ua ‘s used in any sentence. 


Non-words cannot effect HOY ‘s. They leave HAXTYH ‘s unchanged. 


One more important fact is that, in WAH , new vocabulary can be produced/built from basic 
Uld ‘s and some basic RIsq ‘s using suffixes and prefixes. In other words, there are established 
procedures that produce new &leq ‘s, Ud ‘s, HUYNH ‘s. We call production units of the 


inflections and new vocabulary ‘Factories’. All these factories share a common floor plan. We 


are going to describe its generic form in the next section. 


The Factory Model 


Now, we introduce a very generic model called Factory. (see the figure below). As we learn 
more about this model, we will elaborate on each module of the model in detail. This model 


can be used to derive the inflections and generate new vocabulary. 
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Factory — A Generic Model 


A factory has the following modules that interact with each other in a prescribed way. 


Inputs: These are the raw materials that will be modified to generate outputs that can be 


utilized for the required purpose. 


Classify: This module analyzes the input passed to it and, gets all the classification information 


of the input and, passes the information to the Adder module. 


Requirements: This module specifies the required properties of the anticipating output. These 


requirements are passed on to the Adder module. 


Adder: This module is a decision module. Based on the input classification information and the 
requirements for the output, this module picks up the right ingredients to produce the final 
outputs. Also, this module passes the information and the ingredients to the Morph and 


Process module. 


Morph and Process: This module is an operations module. The functions of this module are 1) 
make any changes that have to be made on the inputs based on the classification information 
and requirements, 2) make any changes that have to be made to the ingredients based on the 
classification information and requirements, 3) perform all the operations required to convert 


inputs into outputs by combining ingredients. 


The first and the second functions together are categorized as ‘morph function’ and the third 
function is categorized as ‘process function’. Each of these functions will have many sequential 
steps. (When we apply this model to Gpdy, we see that in each function there is a chain of 


activities grammatically imposed on the input and ingredients. The process function does most 


of the heavy-duty computation such as applying sandhi rules etc. to finally obtain the output.) 


Output: This is the final product matching all the requirements. 


This generic framework, the factory model, can be used to derive any inflection and generate 
new vocabulary. In the following sections, we show how this mechanism can be put into use. 
We show two major applications of this model and the remaining applications can be easily 
understood by the readers. These two examples can give the gist, spirit of the model and its 


applicability in the other areas of Upd. 


In the following text, we use the term “run of the factory” by which we mean that a full cycle 


(one pass) of sending an input that passes through all the modules and delivering an output. 


The Ud Factory — A UGH generator 


In this section, we apply the factory model in deriving Yd ‘s. We describe each module and 
the jobs they do in deriving Ud ‘s. We omit the grammatic details and only capture the 
events relevant to the application of the model. We use only one example to explain the 


application. Readers can apply this model to any 216 of any gender and with any ending. 


The input of the Ud factory: Req ’s are the inputs of this factory. We need to pass only one 


Teg as input for each run of the factory. For example X14. 


Classify module of the US factory: In this module, the Req will be classified. In the given 


example, this module inspects and determines that 814 is APTI: (ending with H) and 


Ufei#R1ec: (masculine gender). This classification information will be passed to the Adder 


module. 


Requirements module of the the Ud factory: We need to specify two requirements in each 
pass. Firstly, the faufec (case) of the 819@ we are looking for and, secondly, dd4 (the 
number) of the output we are looking for. For example, we can specify the requirements as 1) 


aeaat faufect (Genitive Case) of 8TH and 2) d8ddH (plural number). 


Adder module of the Ud factory: In this factory, there are 21 suffixes (called Y4’s). In each 


run of the factory, an appropriate suffix will be picked based on the requirements from the 


requirement module. In our example, Adder picks SIH from Y's as per the requirements. (It 


is easy to make the suffix count. 7 cases x 3 numbers = 21 Y4’s) 


Morph and Process module of the Ud factory: To start with, this module uses some standard 


grammatical mechanisms to morph the input (whenever necessary) considering the 
classification of the input. In many cases, the morph function leaves the input unaltered in this 
factory. The result of the morph function is passed to the process function. The process 
function <TH + STH (*) of applying appropriate grammatical rules to finally obtain the output. In 
our example, there is no morphing required. When the input passed to the process function 


produces XTHTUITH as the result due to the classification properties of the input. 
(*) For the readers interested in knowing all operations, we provide the Panini rules applied below. 
UA + AY RAI CORA RS AAS RAABAS TTA Y.8.2) 
> UA + FC + HY GMAT IT .2.4y) 
> UF + + A CO 2.3.3, TAHT: 2.3.8) 
> TART CP &.¥.3) 


— TAT (sepuarSareraaAs ha 2.¥.2). 


The output of the Usd factory: The required inflection is obtained at this stage. In our 


example, XTHTUITH is the plural genitive inflection of THRIsa: 


Remark 1: YY contains 21 suffixes and picking up the right suffix from UY according to the 
requirement is the easiest exercise. But, depending on the classification properties of the input, 
the conjugated form of input and the suffix may result in a quite different sounding inflection. 
This is one of the major complexities of kPa which can not be avoided. For most of the 
input classifications (for example, Avlrd’s, 6cic’s, etc. in all three genders), the output has a 
consistent pattern. In other words, the morph and process functions give consistent results. 
For example, AX is APR: and Ufeig:. Its genetic plural form is ARTUNTA . Similarly, fd is 
another HcleT-c: and Ufeig: for which the genetic plural form is Rar. However, there are 


some exceptions which were listed in RWeghst in the category of faxtyxtedi: 


The fds-d Factory — A U@4 generator 


Now, let us use the factory method to derive fst ’s. We briefly mention a run of the factory 


in this case. 


The input of the fs factory: Uld ‘s are the inputs of this factory. We need to pass only one 


Uld as input for each run of the factory. For example, a. 


Classify module of the fds factory: In this module, the Uld will be classified. In the given 
example, this module inspects and classifies Was saTerTUy, WHupy , ued and Uc. This 


classification information will be passed to the Adder module. 


Requirements module of the fs factory: We need to specify three requirements in each 
pass. 1) the tense or mood of the Ud we are looking for, 2) Y&4: (the person) of the output 
and 3) dd44 (the number) of the output. For example, we can specify the requirements as 


adHAare: (cI¢) (present tense), STHYS4: (first person), PAdH (singular). 


Adder module of the fsa factory: In this factory, there are 180 suffixes (called fas ‘s). The 
adder module utilizes the classification information to pick the right suffix from these 180 


suffixes. In the case of our example, it picks faq, (It is easy to make the suffix count. 10 tenses 


and moods x 3 numbers x 3 genders = 90. 90 for Ut + 90 for sett = 180 fis ‘s ). 


Morph and Process module of the fdg=a factory: The morph function converts 4x to AR 
taking the classification properties and requirement. Then the process function conjugates 
using dX with faq by using appropriate grammatical rules** to give the result ARTA. It is 


important to note that both morph and process functions play a very important role in this 


factory. 

(**) For the readers interested in knowing all operations, we provide the Panini rules applied below. 
ai 

> AR (UTA ATER | 

> R [ SIASTFMTH FIR |] 

> HR [ TI HG23.8 J 


> FAR [MMA Ud:3.2.32 ] 


> R [A HH g Ug ApH wz: 13.¥.88 ] 

> M+Ae | TAHA A?S3.2.223 ] 

> FUE [ AY. ] 

> AU [ TAAAR.3.3 ] 

> TEA [ TI HGEL.3.8 | 

> TVA [ FAGNSTTFAAG SVE.3.2 ] 

> TEA [ TI HGEL.3.8 | 

> TR fad | fecaReerafsaeay acisuranaieatsaeAe gs. v.92 | 
> RAY [ a: TRATGAR.Y.88 | 

> FRAY | fers eer ATT pe TAP TAT:2. 8.208 
> mfg | aearaa saga AH AU:2.¥.202 ] 
> TRAY [ SAGITTAL, ¥.2019 | 

> TRAY [ SRI UTP HS. ¥.223 ] 

> TEMA | Hoy MWGs.2.6¢ ] 

> we firg ( ers Rreadeanrgqars.¥.223 | 

> RR | THA AL.3.¢ ] 

> Re HEAT [ TT AHGEL3.8 | 

> REST AY | SAAA.3.3 | 


> HE HAAR | RT ATER.3.8 | 


> MIF | sat af afro .3.208 | 


> mi 


The output of the felis factory: The required reflection is obtained at this stage. In our 


example, ARM is the present tense inflection of GX in the first person singular. 


Remark 2: From the above two example factories, we can understand that the Morph and 
Process module is the backbone of the inflection generation. Appropriate grammar rules have 
to be applied in this module carefully. The knowledge of the grammar of UPA (like 
arc or STeATAN) is essential to perform the operations of this modules. In this way, 
the factory method will preserve the grammatical rules. However, the awareness that all 
inflections are generated by the above steps in a standardized way (by a factory model) keeps 
the learners’ minds at ease. The inflection generation process looks logical and the tedious 


exercise of memorizing WeagHAt and adaert sounds meaningful to them. Here is the good 


news. Thanks to the internet technologies, learners do not need to memorize Meche! and 


adaent. We have the inflected forms at a few clicks on a mouse ( https://ashtadhyayi.com/ ). 


Vocabulary Building Factories 


The outputs of the above two factories are inflections of XIleq ‘s and Ud ‘s. In other words, we 


generate Ug ‘s with the above factories. The factories we mention in this section have a 


different flavor. Their outputs are new XIeq ‘s, new Ud ‘s, new ACTH ‘s. One can use these 
outputs to generate U@ ‘s using the above two factories. We mention the inputs and the 


adders that play role in the factories. All other details can be worked out by readers in the lines 


of the above examples. 


A X16@ factory can be built with the following inputs and suffixes: 














Input Adder Module Output 

Qyea: Some dead suffixes RIea: 

ad: Some dc suffixes Rea: 
YOUa IPRS: SH, &, &, fd suffixes elardhR sa: 














An AQqa4 factory can be built with the following inputs and suffixes: 











Input Adder Module Output 
ald: Some $c{ suffixes such as Gal, eUY, TH+, Ue] Hoy 
Rog: Some dha suffixes AOA 

















A Uld factory can be built with suffixes and prefixes: 



































Input Adder Module Output 
ald: forg, U1 4S, Wea] etc. as suffixes ald: 
ald: 21 prefixes (SuMT:) ald: 
ald: Some faRINUIRIsa’s as prefixes ald: 
ald: Some HACqYH’s as prefixes ald: 
RIea: THU suffixes ad: 

Conclusions 


The factory approach proposed in this paper has the following advantages: 


1. The approach separates WHAT TO DO? from HOW TO DO? (Rhyme from Rule). 

2. The procedures of WHAT-part are encapsulated in a single model. 

3. The Factory model is applicable in deriving inflections and new vocabulary which 
constitute a big part of the grammatical constructs. (We have not covered some 


important topics such as wartarer etc.). 


4. The WHAT-parts of most of the complex topics of UPd are covered under this 
model. The model provides a big, unified picture of these grammatical constructs. The 
awareness of WHAT-part puts learners at ease. They understand that the details can be 
worked out whenever necessary. 

5. The factory model will provide a systematic thinking process for the linguistic scientist 


to computerize the grammatical constructs. Building a rule engine that performs 


required operations for the Morph and Process module is a big challenge. However, one 


can overcome the challenge with the well-ordered and comprehensive rule sets of 
Maharshi Panini’s eae | A great deal of research is in progress in this area. 

6. PPA can be very scientifically built starting with a basic set of { Xlsq ‘s , Uld‘s, 
suffixes and prefixes } and then applying 3981 sutras of spear ‘on this basic set in 
various ways. The factory model makes readers appreciate this fact very quickly. ( ref: 


the third point in this section.) 


1. S.C. Vasu, “The Ashtadhyayi of Panini: Volumes 1 thru 8 + Intro”. 


